ABSTRACT A commercial egg-type chicken (ISA Brown; CEC) and a dual-purpose pure breed of the Korean Native Chicken (KNC) were compared for yolk to albumen (Y:A) ratio and their major egg characteristics at seven different ages. The eggs from KNC were significantly (P < 0.01) lighter in egg, albumen, and shell weight than those from CEC. However, the yolk weight and Y:A ratio of the eggs from KNC were significantly (P < 0.01) heavier or larger than the ones of CEC. The effect of age on the yolk, shell weight, and shell thickness was highly significant (P < 0.01), whereas significant differences were (Key words: breed, age of hen, yolk to albumen ratio, egg component, interaction)
INTRODUCTION
Egg consumption per capita has been declining in many countries because of concerns associated with cholesterol (Economic Research Service, 1990; International Egg Commission, 1993; Marshall et al., 1994) . Theories have been proposed, postulating that the eggs with the heaviest yolks and the largest yolk to albumen (Y:A) ratios may contain the highest amounts of cholesterol (Hussein et al., 1993; Campo, 1995) . In light of that possibility, eggs containing a small proportion of yolk and a large proportion of albumen would appear to be suitable for consumers of table eggs. On the contrary, eggs containing a large proportion of yolk should be more desirable for processed foods such as mayonnaise, which utilize the yolk as a major ingredient.
The egg size and its components are influenced by a number of genetic and nongenetic factors (Washburn, 1990) . The Y:A ratios are affected by breed or the strain within a breed (Cook and Briggs, 1977; Curtis et al., 1986; Campo, 1995) , age of hen (Anthony et al., 1989; Rossi and Pompei, 1995; Ahn et al., 1997) , and egg size (Marion et al., 1964) . The objective of this study was to compare selected major egg components, including Y:A ratio, us-2001 Poultry Science Association, Inc. Received for publication January 24, 2000. Accepted for publication April 9, 2001. 1 To whom correspondence should be addressed: sukyo@syu.ac.kr.
855 not found for Y:A ratio and other major egg components. The breed-by-age-of-hen interactions were significant for shell weight (P < 0.03) and shell thickness (P < 0.01). The yolk, albumen, and shell weight were positively (P < 0.001) associated with egg weight in both breeds. The association of Y:A ratio with egg weight in both breeds also were highly significant (P < 0.001) but negative. The results of the present study indicated that the different effects on the Y:A ratio were due to breed rather than age. Results suggest that the eggs from KNC are more desirable for use in products made of yolk than for consumption as table eggs.
ing a commercial egg production breed of chickens and a pure breed of Korean Native Chickens (KNC). Furthermore, this study was conducted to determine the differences among different hen ages for the Y:A ratio and the major egg components in the above mentioned breeds.
MATERIALS AND METHODS
Initial samples of eggs were collected at 45 wk of age. In each experiment, 13 to 20 eggs from 20 commercial egg-type chickens (ISA Brown; CEC), and 16 to 21 eggs from 28 pure-bred KNC, obtained from the Korean National Livestock Research Institute, were used as samples. KNC is a dual-purpose brown egg line breed; its body weight is about 2,400 g for the male and 1,900 g for the female. The annual egg production for the KNC is approximately 180, and the mean egg weight is about 52 g (Oh, 1998) . Except for eggs between 60 and 70 wk of age, subsequent samples of eggs were obtained at six 5-wk intervals from both breeds. The eggs were gathered in the late afternoon and were kept at room temperature overnight for evaluation the next day. During the experiments, all birds were housed in individual laying cages (40 cm high, 25 cm wide, and 35 cm deep) in the same Abbreviation Key: AW = albumen weight; CEC = commercial egg chicken (ISA Brown); EW = egg weight; KNC = Korean Native Chicken; ST = shell thickness; SW = shell weight; Y:A = yolk:albumen ratio; YW = yolk weight. Means within each column within a breed without common superscripts are significantly different at P < 0.05.
x,y
Overall means between breeds in each column without common superscripts are significantly different at P < 0.01.
1 CEC = commercial egg-type chicken; KNC = Korean Native Chicken.
house, given 16 h of artificial lighting per day, and fed the same standard layer diet containing 15.5% CP and 2,700 kcal ME/kg. Eggs were weighed and then broken, and the yolks were separated from the albumen. The chalazae were carefully removed from the yolk, using forceps, prior to weighing the yolk. Before weighing, all yolks were also rolled on a paper towel to remove adhering albumen. The shells were carefully washed and dried for 48 h in a drying oven at 21 C and then weighed. The shell thickness (ST) was randomly measured from the three different parts of shell in each egg using a micrometer 2 and was averaged. Albumen weight (AW) was determined by subtracting yolk and shell weights (YW and SW) from the original egg weight (EW). The weights of egg components and ST were measured to the nearest 0.01 g or 0.01 mm, respectively. Data were analyzed based on breed and age of hen by using the general linear models procedure (SAS Institute, 1994) . Data of Y:A ratio and egg components were analyzed by the following model:
where µ is the overall mean, B i is the effect of the ith breed, A j is the effect of the jth age, (BA) ij is the interaction of the ith breed with the jth age; and e ijk is the random error. The comparisons among ages of hens were tested by Fisher's least significant difference (Fisher, 1949) .
RESULTS AND DISCUSSION
Breed differences for egg components and Y:A ratio are presented in Table 1 . Regarding the overall means, 2 Peacock dial pipe gauge P-1, OZAKI MFT, Co., Ltd.,Tokiwadai, Itabashi-Ku, Tokoyo 174-0071, Japan. the eggs from the KNC were significantly (P < 0.01) lower in EW, AW, and SW, and the shells were thinner than those of eggs from CEC; however, the YW and the Y:A ratio of eggs from the KNC were significantly (P < 0.01) higher than those of CEC. The eggs from KNC contained 30.99% yolk and 59.89% albumen; the eggs from CEC contained 24.92% yolk and 65.27% albumen. The eggs of KNC had 6.07% more yolk, but 5.38% less albumen than those of CEC. However, when the differences were considered by the actual amounts, the eggs of KNC contained 0.8 g more yolk and 9.1 g less albumen than those of CEC. Therefore, the high Y:A ratio for the eggs from KNC was attributable to differences more in the proportion of albumn than in the proportion of yolk.
In the present study, the larger eggs have a greater proportion of albumen, but a lower proportion of yolk, which was in agreement with the results of Hussein et al. (1993) . On the other hand, Cook and Briggs (1977) indicated that as egg size increased, the relative amount of yolk decreased, but that the absolute amount increased. Those findings were not in agreement with the results of our study. The eggs of KNC with heavier yolks and larger Y:A ratio are likely to contain more cholesterol, which is supported by earlier studies conducted by Jiang and Sim (1991) , Hussein et al. (1993), and Campo (1995) , who used contemporary laying or meat-type breeds in their research. However, these eggs, on a per-gram-of-yolk basis, may not differ in the levels of cholesterol in the yolks.
The average ST of KNC (0.38 mm) obtained from the present study was 0.02 mm and 0.03 mm greater than the results obtained by Oh (1996) and Kim et al. (1998) , respectively. The ST of KNC in the present study was measured from 45 to 80 wk of age. However, the ST in the studies of Oh (1996) were measured from 26 to 39 wk of age and in Kim et al. (1998) from 21 to 64 wk of age. Although the periods of measurement for ST were not same between the previous studies and the present study, the average ST did not differ greatly. CEC = commercial egg-type chicken; KNC = Korean Native Chicken. *P < 0.05; **P < 0.01; ***P < 0.001.
The EW at 80 wk, which compared the EW at 45 wk in the CEC and KNC, increased 2.2 g and 3.1 g, respectively. But there was a significant difference (P < 0.05) between these two age groups within each breed in the KNC only (Table 1) . The YW at 80 wk was significantly (P < 0.05) higher than at 45 wk in the both breeds. The AW in both breeds was not significantly different among age groups within each breed. In eggs from KNC, the larger value in Y:A ratio at 55 wk of age as compared with that at 45, 50, 70, or 80 wk of age was due to the higher value in YW than that of other ages, because the AW was not significant among age groups (Table 1) . With the exception of 55 wk of age, the Y:A ratios in eggs from KNC were not significant in the comparisons among other age groups. The effect of age on the Y:A ratio in CEC was not great enough for differences among age groups to be significant. The ST in CEC was significantly (P < 0.05) greater at 45 wk of age than those at 55, 60, 70, or 75 wk of ages, and the ST in KNC was significantly (P < 0.05) less at 55 wk of age than at all other ages (Table 1) . The trend for ST in CEC agrees with the findings of Curtis et al. (1986) , who reported that the percentage of shell decreased with increasing hen age in all of the three brown and three white shell commercial layer strains. The effect of age was significant for YW (P < 0.01), SW (P < 0.001), and ST (P < 0.001). The breed-by-age-of-hen interactions were significant for SW (P < 0.03) and ST (P < 0.01) only. Table 2 shows that the correlation coefficients of YW, AW, and SW with EW were positive (P < 0.001), but that of Y:A ratio with EW was negative (P < 0.001) in the CEC and KNC. Data presented in Table 2 indicate that the proportion of yolk and the Y:A ratio in eggs from KNC, which were the smaller-sized eggs, were more closely related with EW than in eggs from CEC. The coefficients for AW with EW (0.966 for CEC and 0.962 for KNC) were greater than that of YW with EW (0.628 for CEC and 0.696 for KNC). These results are in accordance with the reports of Fletcher et al. (1983) and Hussein et al. (1993) .
In the present study, the proportion of yolk and the Y:A ratio tended to be greater in smaller eggs than in larger eggs, which was in agreement with the results of Cook and Briggs (1977) . Ahn et al. (1997) also found that the smaller eggs always had greater Y:A ratios than the larger ones in all age groups. However, this conclusion disagrees with the results of Kaminska and Skaraba (1991) , who found that the proportion of yolk was lower in smaller eggs than in larger ones. In conclusion, selection based on egg size would be effective in reducing yolk size or Y:A ratio. Furthermore, the results of present study also indicate that the eggs from KNC may be more useful in products made of yolk than for use as table eggs.
